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COMPLETE SPECIFICATION 
Improved Method of Manufacturing Titanium and Titanium Alloys 



We. Oregon Metallurgical Corpora- 
tion, a Corporation organised and existing 
under the jaws of the State of Oregon, 
United States of America, of P.O. Box 311. 
5 Albany. State of Oregon, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and* the method by which it 
is to be performed, to be particularly dc- 
10 scribed in and by the following statement: — 
This invention relates to the manufacture 
of titanium and titanium alloys and more 
particularly to a method for producing tita- 
nium and its alloys in a highly pure and 
15 uniform condition. 

The basic chemistry of this invention is 
substantially that previously employed. A 
titanium halide, particularly titanium tetra- 
chloride, is reduced by an alkali or alkaline 
20 earth metal such as sodium, magnesium, 
calcium, or combinations of these metals at 
a high temperature. Two typical reactions 
are as follows: 

(1) TiCl 4 + 4 Na > Ti + 4 NaCl 

25 (2) TiCl<-h2 Mg > Ti + 2 MgCl. 

Our invention consists in providing means 
for accomplishing a rapid reaction while 
maintaining the contact zone between the 
reactor walls and the reacting mass relatively 
30 cool. This is accomplished by initiating the 
reaction centrally of the mass and propagat- 
ing the reaction* outwardly toward the walls 
of the reactor and. at the same time, cooling 
By this method a high 



sustain the reaction to completion and the 
reaction speed is limited only by the capa- 
city of the reactor to withstand the gas pres- 
sures produced. 

By maintaining the zone between the re- 50> 
action mass and the reactor walls relatively 
cooL contamination of the titanium end pro- 
duct by diffusion of the iron or other reactor 
metals into the titanium is inhibited^ By 
maintaining the titanium halide relatively 55 
free from contact with air while piping it 
into the reactor and by preventing leakage 
of air into the reactor chamber, the amount 
of contamination present in the end product 
is further reduced. The high pressure within 
the reactor prevents air leakage therein. And 
by accomplishing the reaction in the least 
time possible, the opportu nitty for contami- 
nation to take place is reduced to a minimum 
and the cost of the operation is substantially 65 
reduced. 

It is well known that components of the 
reactor such as iron, steel and other metals 
lose strength rapidly with increase in tem- 
perature. Therefore,* a higher pressure may TO 
be maintained by cooling the reactor walls, 
it being a fact that the higher the pressure 
maintained the faster the reaction will 
progress. 

According to one prior art method of 75 
manufacturing titanium, magnensium or 
sodium is charged into a reactor furnance 
and the furnace heated to the reacting tem- 
perature of 800° to 900°C Above this tem- 



the reactor walls, oy una m^u.uu « * - 7 — M 

3S temperature and pressure can be maintained perature the titanium will tend to absorb w 
in the area of the reaction to accelerate the some of the metal of the reactor with which 



reaction whereas the temperature and pres 
sure at the reactor walls is kept within 
acceptably low limits, the condensation of 

40 the gases of reaction against the relatively 
cool reactor walls serving to maintain a 
lower pressure in the vicinity of the walls. 
This procedure permits a rapid reaction due 
to the fact that the heat liberated by the 

45 reaction once it is initiated is sufficient to 

[Price 3s- 6d.) 



it comes into contact. Titanium tetrachloride 
is then sprayed into the furnace, it being 
necessary to retard the spray rate sufficiently 
to maintain low internal pressure within the 85 
reactor chamber of the furnace. The molten 
magnesium chloride or sodium chloride, by- 
products of the reaction, is tapped periodic- 
ally from the furnnace. When the reaction is 
complete the reaction chamber is removed 9$ 
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from the heating or combustion chamber 
• before the reaction chamber has had a 
chance to cool. The result of the reaction 
is to reduce titanium tetrachloride to 
5 titanium metal sponge, the sponge being 
- dispersed in a mass of either sodium chloride 
or magnesium chloride. This mixture must 
be taken from the fumace and either dis- 
tilled in a vacuum or leached with water or 
10 acid to remove the chloride salts. Extreme 
care is necessary to minimize contamination 
of the porous, fine particles of pyrophoric 
titaninum sponge either by contact with air, 
particularly if warm or humid, or contact 
15 with water or acid. The final purified sponsc 
must be cold compacted or briquetted 
before it is melted in an arc furnace. Once 
the metal has been melted into massive 
form it defies contamination provided it is 
20 not overheated. 

The prior art method has many disadvan- 
tages. During the prolonged reduction 
operation when the partially reduced metal 
is in contact with the walls of the reactor, 
25 both of which are at high temperatures! 
there is inevitable diffusion of metallic im- 
purities from the walls of the reactor to the 
titanium. Thereby, each batch of titanium 
sponge is subject to contamination, the 
™ amount of contamination varying from a 
maximum in the vicinity of the reactor walls 
to a minimum in the metal, in the centre of 
the reactor. In addition, any small or sudden : 
inadvertent leaks of air into the, reacting 
35 furnace during the protracted reduction time, 
will contaminate that portion of the titanium 
sponge which first comes in contact with the 
incoming air. 

Consequently, any single JDatch-of. titanium; , 
40 sponge lacks complete/ uniformity::of:conta-;v 
mination and even with the. current: practice:: 
of carefully blending and double meiting- of 
titanium into ingots, it is inevitable that : 
small pieces of highly contaminated sponge 
AS will carry over into a zone of contaminated 
metal within the ingot 

The prior art method requires many hours 
of time and high handling costs. Repeated 
heating of the reaction chamber and contact 
50 with titanium sponge when both the reaction 
4 chamber and titanium are hot results in a 
relatively short useful life for the reaction 
chamber. 

One object of the present invention is to 
55 provide a novel method for manufacturing 
titanium and its alloys. 

A further object is a method of manufac- 
turing titanium adapted to produce a metal 
of high purity, the slight contamination re- 
60 maining being uniformly distributed. 

An additional object is a method of manu- 
facturing titanium and its alloys which is 
rapid, economical, and highly efficient. 
The specific nature of our invention as 
65 well as other objects and advantages will be 



apparent from the following description and 
me accompanying drawing. 

The drawing shows a reactor in axial sec- 
tion for the manufacture of titanium having 
a casing 1 in the preferred form of a mild- 70 
steel tube and having a pair of flanges 2 and 
3 affixed to the casing at opposite ends 
thereof. A plurality of lugs 4 are affixed to 
the inner wall of casing 1 adjacent the two 
ends thereof for the purpose of supporting 75 
closure plates 5 and 6, said plates being 
adapted to seat upon said lugs, plate 5 alignt 
mg with flange 2 and plate 6 aligning with - 
flange 3. An additional pair of . plates, end 
plates 7 and 8, are positioned adjacent 80 
closure plates 5 and 6 and are attachable to 
flanges 2 and 3, respectively, by means of 
bolts 9. A seal is provided between each pair 
of adjacent end plates and closure plates by 
the provision of O-rings 10. " g5 

An electrode of titanium 11 is insulated 
from closure plate 5 by conical washer 12 
and insulating sleeve 13. one end of the elec- 
trode being in proximity to the charge 14 of 
a reducing agent such as sodium. Electrode 90 
11 is connected through a bus bar 15 to one 
terminal of a direct voltage source not 
shown. A second bus bar 16 is connected 
between the flange 2 and the opposite ter- 
minal of the direct voltage source.. 95 

An inlet 17 is provided in- closure plate- 5, 
plug 13 being receivable within the inlet by . 
threaded engagement . with closure plate 5. 
Spray nozzles 19,. which may be mounted, 
in any convenient manner, are directed -at therirjo 
outer wall of casement 1. 

The preferred method of manufacturing 
titanium in accordance with this invention 
. comprises., remo.vingi.end plate -:7;- and closure r. \ 
plate 5 from;, the reactor.: and: filhng: the re- 05 
actor -chamber:' with an. inert, .gas; such ras-:- : 
argon;, and metallic sodium; the sodium::: . 
being in coiled strips. The :level of fill must:- 
be such that the sodium is just out of con- 
tact with electrode 11 when closure plate 5 \\f} 
is replaced. Iodine is then added as a thermal 
booster in a ratio of approximately one 
pound of iodine to five pounds of metallic 
sodium. The two plates previously removed 
are replaced and the seal between them 115 
made tight by snugging down bolts 9. Next, 
liquid titanium tetrachloride is piped into 
the reacting chamber through inlet 17. the 
ratio of titanium tetrachloride to the metallic 
sodium previously charged into the reactor 120 
being approximately 2:1 by weight. The 
residual space in the chamber is evacuated 
and back filled with argon through inlet 17 
to atmospheric pressure to remove the last 
traces of air. Inlet 17 is then plugged. The 125 
normal temperature within the reaction 
chamber at this time is approximately 25°C. 
During the charging operation, care must be 
taken to limit as much as possible the cos- 
tact of the titanium tetrachloride with air in 130 
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order to prevent contamination which will 
result from that contact. Titanium tetra- 
chloride, being in a liquid state, may be 
charged into the reactor through pipes which 
5 serve to maintain the liquid free from" con- 
tact with air. 

The reaction is initiated by an electrical 
arc which is struck between the titanium 
electrode and the metallic sodium at 500 

10 amperes and 30 volts for a few seconds. The 
conductive path is from the electrode 11, 
through bus bar 15, to the direct voltage 
source, not shown. And from the direct 
voltage source through bus bar 16, flange 2, 

15 casing 1. metallic sodium 14, and across the 
air gap back to electrode 11. The heat gene- 
rated at the air gap is sufficient to start the 
reaction at the portion of the charge 14 ad- 
jacent the electrode 11. 

20 As soon as the casing 1 of the reactor near 
the top of charge 14 reaches 200°O, water 
or other coolant is sprayed over the whole of 
the reactor. The reactor walls should cool to 
approximately 100' C. and remain at that 

25 temperature while the reaction continues. 
When the temperature of the reactor walls 
begins to fall slowly from the temperature 
the reaction is complete. The spray should 
be continued, however, for at least two hours 

30 after completion of the reaction, the reactor 
being at room temperature at the end of this 
time. 

All the plates are removed from the re- 
actor and the fused mixture of titanium 

35 metal and sodium is cracked and pressed 
from the chamber. The excess sodium which 
accumulates at the top of the chamber is 
separated. The fused mixture is leached in 
water to remove soluble sodium chloride, 

40 leaving metallic titanium which is rinsed and 
dried. 

In a test of this invention using a small 
scale reactor it was found that, of the re- 
covered metal. 80.6% was in massive lumps 

45 \ inch to 4 inches in size. 6.4% was sintered 
or semifused, and the balance was in small 
particles of less than 14 mesh in size. There 
was no sign of alloying or erosion on the 
inside walls of the reactor. It is apparent 

50 that a large percentage of the titanium would 
be in massive lumps in a larger reactor 
operated under otherwise similar conditions. 
Spectrographs analysis of a sample of the 
massive titanium 'showed in parts per 

55 million: 

Al 20: Fe 50: Cu 20; Pb 10; Cr 10; Si 400: 
Mg 10; Ni 15: Mn 10: Na 50. 

Where a titanium alloy composition is 
desired as the end product, the titanium 



halide. e.g. TiCl, in the liquid state, may 
contain other halide salts, such as zirconium, 
chromium or aluminium chloride, which 
upon reduction together with TiCl* will make 
available metallic zirconium, chromium or 
aluminium for alloyine with titanium. 
WHAT WE CLAIM IS: 

1. A method of manufacturing titanium 
and titanium alloys which comprises deposit- 
ing a reaction mass comprised of a titanium 
halide (or a mixture of a titanium halide and 
one or more other metal halides) and a re- 
ducing agent within an enclosed pressure- 
tight reaction chamber, initiating a reaction 
of the reaction mass at a point located in- 
wardly and remote from the walls of said 
reaction: chamber by raising the temperature 
of the reaction mass at said initial point, the 
reaction of the reaction mass propagating 
outwardly from said initial point toward the 
walls of the reaction chamber, and cooling 
the walls of the reaction chamber during the 
reaction thereby to control the propagation 
of the reaction. 

2. The method of claim 1 wherein the 
reaction mass comprising titanium halide (or 
a mixture of titanium halide and one or more 
other metal halides) has dispersed there- 
through a fragmentary reducing agent 
selected from the group consisting of alkali 
and alkaline earth metals. 

3. The method of claim 2 wherein the 
reducing agent dispersed through the reac- 
tion mass is sodium. 

4. The method of claim 2 wherein the 
reducing agent dispersed' through the reac- 
tion mass is magnesium. 

5. The method of claim 3 wherein the 
amount of sodium present is substantially 
equal to that required to completely reduce 
the titanium halide. 

6. The method in accordance with claims 
1 to 5 wherein the reaction mass comprises 
liquid titanium tetrachloride with the reduc- 
ing agent dispersed in said tetrachloride. 

7. The method in accordance with claims 
1 to 6 wherein the reaction is carried out in 
an inert atmosphere and wherein said reac- 
tion is caused to take place well above 
atmospheric pressure. 

8. The method of claim 1 substantially 
as described herein. 

OREGON METALLURGICAL 
CORPORATION 
Per: BOULT, WADE & TENNANT 
111/112, Hatton Garden, London, E.C.I. 
Chartered Patent Agents. 
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/ SHEET j n j s drawing is a reproduction of 
the Original on a reduced scale. 



